Facultative monophagy as a consequence of prior feeding experience: behavioral and physiological specialization in Colias philodice larvae by Karowe, David N.
Oecologia (1989) 78:106-111 Oecologia 
9 Springer-Verlag 1989 
Facultative monophagy as a consequence of prior feeding 
experience: behavioral and physiological specialization 
in Colias philodice larvae 
D.N. Karowe* 
Department of Biology, University of Michigan, Ann Arbor, MI 48109, USA 
Summary. Although newly-emerged Colias philodice readily 
accept Medicago sativa, Melilotus alba, and Coronilla varia, 
fifth instar larvae reared on any single plant species display 
a highly significant induced feeding preference for their 
rearing host. Forced host-switching reveals that fifth instar 
relative growth rate (RGR) on M. sativa and M. alba is 
significantly reduced by prior feeding on either alternative 
host. Moreover, regardless of rearing diet, switching to a 
novel host during the fifth instar results in reduced RGR, 
relative consumption rate (RCR), efficiency of conversion 
of digested food (ECD), and pupal weight. These results 
support the hypothesis that induction of feeding preference 
is an adaptive response that predisposes larvae to feed on 
the plant species they are most capable of utilizing for 
growth. 
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For herbivorous insects, the term "generalist" is commonly 
used to describe a species that, over its entire geographic 
range, feeds on a relatively diverse array of host plants. 
However, as argued by Fox and Morrow (1981), such spe- 
cies-level descriptions are potentially misleading because 
they may obscure variation that exists either among popula- 
tions or among individuals within a population. 
A number of recent studies of herbivorous insects have 
documented substantial within-population variation in the 
ability to use host tissue for growth. Although several stu- 
dies have demonstrated a genetic basis for within-popula- 
tion variation in the ability to use a host (e.g. Gould 1979, 
1983; Mitter et al. 1979; Jaenike and Grimaldi 1983; Hare 
and Kennedy 1986; Via 1986), the majority of within-popu- 
lation variation identified to date appears to be phenotypic 
(Jermy et al. 1968; Hanson 1976; Grabstein and Scriber 
1982; Stanton 1983; Papaj 1986). In particular, an individ- 
ual's prior feeding experience may strongly influence its 
subsequent ability to utilize different host plants. 
In separate studies, prior feeding experience has been 
shown to influence either behavioral traits, including feed- 
ing preference (Jermy et al. 1968; Yamamoto 1974; Hanson 
1976; Cassidy 1978; Barbosa etal.  1979; Dethier 1980), 
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or physiological traits, including the activity levels of di- 
gestive enzymes (Ishaaya and Swirski 1976) and mixed func- 
tion oxidases (Brattsten et al. 1980; Ahmad 1983; Yu and 
Ing 1984). Two observations have led to the common infer- 
ence that induction of feeding preference is an adaptation 
to avoid adverse effects associated with host-switching: (1) 
prior feeding on one host species frequently results in the 
induction of a feeding preference for that host (Hanson 
1976), and (2) forced switching between host species often 
results in reduced growth (Schoonhoven and Meerman 
1978; Scriber 1979; Grabstein and Scriber 1982). However, 
it is not yet possible to evaluate the adaptive value of prefer- 
ence induction because no single study has addressed the 
effect of prior feeding experience on both behavior and 
physiology of the same insect herbivore. 
This study was designed to assess the effect of prior 
feeding experience on both host preference and physiologi- 
cal efficiency of host use in an herbivorous caterpillar. Col- 
ias philodice Latreille (Lepidoptera: Pieridae) feeds on a 
variety of herbaceous members of the Fabaceae. In south- 
ern Michigan, Medieago sativa L. (alfalfa) is a primary host 
for C. philodice, while Melilotus alba L. (white sweet clover) 
is a secondary host, and Coronilla varia L. (crown vetch) 
is a non-host (Karowe 1988). Three questions are addressed 
in this study: (1) Does prior feeding on any of these plant 
species result in an induced feeding preference in C. philo- 
dice?, (2) Is physiological efficiency of host use influenced 
by prior feeding on any of these species?, and (3) If so, 
do induced feeding preferences predispose larvae to select 
the plant species which they are physiologically most capa- 
ble of utilizing for growth ? 
Materials and methods 
Experimental animals 
Colias philodiee, the common or clouded sulfur butterfly, 
is distributed throughout most of the United States and 
contiguous southern Canada. At the species level, C. philo- 
dice is reported to feed on a wide variety of weedy legumes, 
including Medicago sativa (alfalfa), Trifolium repens L. 
(white clover), T. pratense L. (red clover), Vieia spp. (vetch), 
and Lupinus spp. (lupines) (Klots 1951 ; Scott 1986). In Mi- 
chigan, C. philodice also uses Melilotus alba (white sweet 
clover) as a secondary host (Karowe 1988). 
All larvae used in these experiments were obtained from 
17 females caught in June 1985 in southwestern Montmor- 
ency County, Michigan. Females were caught over a field 
of M. sativa and M. alba and were observed ovipositing 
on both species. Within 5 h of capture females were trans- 
ported to the University of Michigan Biological Station, 
where they were allowed to oviposit on M. sativa in labora- 
tory cages. Ten eggs from each female were placed on 
M. sativa, M. alba, and C. varia. Within each diet, the off- 
spring of all females were reared together. Fresh food was 
provided every 48 h. 
Acceptability o f  plant species to newly-emerged larvae 
To determine the acceptability of M. sativa, M. alba, and 
C. varia to newly-emerged larvae, immediately upon hatch- 
ing 5 larvae were placed on approximately 5 - c m  2 of leaf 
material (usually 2 leaves) of one plant species in a 5.5-cm 
plastic Petri dish. These test larvae had not previously fed 
upon any plant material. Larvae that initiated feeding with- 
in 2 h were judged to have accepted that plant species as 
food. Between 41 and 88 larvae were tested on each species. 
The effect o f  feeding experience on host choice 
To determine whether previous feeding experience affects 
subsequent host choice, 20 freshly-molted fifth (ultimate) 
instar larvae from each rearing diet were chosen at random 
and placed individually into 10-cm plastic Petri dishes lined 
with moist filter paper. Each Petri dish contained equal 
amounts (400 mg fresh weight) of leaves of M. sativa, 
M. alba, and C. varia. Leaves of the three species were thor- 
oughly mixed and larvae were allowed to feed freely for 
26 to 32 h. Plants were collected along paved country roads 
in western Washtenaw County, Michigan, and only unin- 
jured young foliage was used. At the completion of  each 
feeding trial, all remaining leaves were separated by species 
and dried to constant weight at 70 ~ C. 
To estimate the dry weight of leaves used in preference 
tests, five l-g samples of each plant species were weighed 
fresh, dried to constant weight at 70 ~ C, and reweighed. 
The amount of  each species consumed was determined by 
subtracting the dry weight of uneaten leaves from the esti- 
mated initial dry weight of leaves provided. Percent dry 
matter did not differ among plant species; therefore, statis- 
tical analysis was performed on absolute, rather than pro- 
portional, amounts eaten. Analysis was restricted to trials 
in which the larva consumed no more than 70% of any 
species since, after this point, the larva was considered to 
have encountered a 2-way, rather than the intended 3-way, 
choice test. However, this resulted in the exclusion of only 
4 of 60 trials. 
All rearing and testing of larvae was conducted in an 
environmental chamber with a 16:8 L :D  cycle and a corre- 
sponding 29~ ~ C temperature cycle. 
The effect o f  feeding experience on physiology o f  host use 
To determine whether previous feeding experience affects 
the physiology of host use, 48 freshly-molted fifth instar 
larvae from each rearing diet were divided into 3 equal 
groups and given either M. sativa, M. alba, or C. varia as 
the test diet. Since C. philodice shows diurnal periodicity 
in consumption rate (personal observation), only larvae 
molting to the fifth instar between 8 a.m. and 11 a.m. were 
used. Thus, all test larvae started with 13 to 16 h of photo- 
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Table 1. Acceptability of M. sativa, M. alba, and C. varia to newly- 
emerged C. philodice larvae. Acceptability does not differ among 
plant species (X z = 1.67, P>0.4) 
Plant Species No. Larvae No. Larvae Percent 
Accepting R e j e c t i n g  Acceptance 
M. sativa 82 6 93.2 a 
M. alba 70 10 87.5 a 
C. varia 71 9 88.8 a 
Table 2. Feeding preferences of fifth instar C. philodice larvae as 
a function of plant species consumed in earlier instars. Values are 
mean amount (grams dry weight) eaten in three-way choice tests, 
with standard deviations in parentheses. Means followed by differ- 
ent letters are significantly different at P<0.05 by LSD 
Species Eaten Rearing Diet 
M. sativa M. alba C. varia 
(n = 19) (n = 18) (n = 19) 
M. sativa 0.0297 a 0.0149 a 0.0149 a 
(0.0108) (0.0111) (0.0095) 
M. alba 0.0098 b 0.0301 b 0.0084 b 
(0.0072) (0.0125) (0.0098) 
C. varia 0.0133 b 0.0127 a 0.0233 c 
(0.0087) (0.0114) (0.0098) 
phase remaining in their first 24 h cycle. Larvae molting 
after 11 a.m. (25 to 29 per diet) were sacrificed to yield 
a wet weight/dry weight conversion factor for test larvae 
from each rearing diet. To avoid placing a disproportionate 
number of fast- or slow-growing larvae on any test diet, 
the first, fourth, seventh, tenth, etc. larvae from any rearing 
diet to molt to the fifth instar were placed on M. sativa; 
the second, fifth, eighth, etc. were placed on M. alba; and 
the third, sixth, ninth, etc. were placed on C. varia. 
Standard quantitative nutritional indices (Waldbauer 
1968) were calculated for each of the 17 larvae from each 
rearing diet on each test diet. Each larva was weighed at 
the onset of the fifth instar and placed in a 5.5-cm plastic 
Petri dish lined with moist filter paper that contained a 
weighed amount of leaves of M. sativa, M. alba, or C. varia. 
Fresh food was provided every 48 h or more often if neces- 
sary. To estimate the dry weight of the food provided, five 
1-gm samples were weighed wet, dried to constant weight 
at 70 ~ C, and reweighed. Since nutritional indices are sensi- 
tive to error inherent in estimating the dry weight of food 
provided (Schmidt and Reese 1986), larvae were given only 
slightly more food than they would eat in 48 h. 
Immediately upon pupating, each larva was weighed, 
then dried to constant weight at 70 ~ C. For each larva, 
relative growth rate (RGR), relative consumption rate 
(RCR), approximate digestibility (AD) and efficiency of 
conversion of digested food (ECD) were calculated as de- 
scribed by Waldbauer (1968): 
larval weight gained 
RGR 
average larval weight during instar x days 
RCR = weight of food ingested 
average larval weight during instar x days 
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Table 3. a Performance of fifth instar C. philodice larvae on M. sa- 
tiva as a function of plant species consumed in earlier instars. All 
larvae were fed M. sativa during the ultimate instar but had been 
reared through the penultimate instar on M. sativa, M. alba, or 
C. varia. Mean values are given, with standard deviations in paren- 
theses. Means followed by different letters are significantly differ- 
ent at P<0.05  by LSD 
Rearing Diet n R G R  RCR ECD AD 
M. sativa 17 0.262 a 1.52 a 0.289 a 0.598 a 
(0.067) (0.29) (0.060) (0.053) 
M. alba 16 0.112 b 1.23 b 0.145 b 0.654 b 
(0.085) (0.25) (0.106) (0.074) 
C. varia 15 0.161 b 1.57 a 0.173 b 0.631 ab 
(0.113) (0.39) (0.124) (0.110) 
Pupal Instar Total Food 
Weight Duration Consumed 
(gm dry) (h) (gm dry) 
M. sativa 0.029 a 103.8 a 0.125 a 
(0.012) (37.7) (0.062) 
M. alba 0.016 b 140.8 b 0.089 a 
(0.010) (41.1) (0.062) 
C. varia 0.017 b 122.3 a b 0.090 a 
(0.011) (53.0) (0.060) 
e Performance of fifth instar C. philodice larvae on C. varia as a 
function of plant species consumed in earlier instars. All larvae 
were fed C. varia during the ultimate instar but had been reared 
through the penultimate instar on M. sativa, M. alba, or C. varia. 
Mean values are given, with standard deviations in parentheses. 
Means followed by different letters are significantly different at 
P<0.05 by LSD 
Rearing Diet n R G R  RCR ECD AD 
M. sativa 16 0.190 a 1.23 a 0.231 a 0.671 a 
(0.072) (0.19) (0.082) (0.034) 
M. alba 16 0.200 a 1.28 a 0.242 a 0.667 a 
(0.084) (0.34) (0.093) (0.058) 
C. varia 16 0.216 a 1.31 a 0.248 a 0.645 a 
(0.112) (0.28) (0.110) (0.051) 
Pupal Instar Total Food 
Weight Duration Consumed 
(gm dry) (h) (gin dry) 
M. sativa 0.025 a 148.6 a 0.117 a 
(0.008) (23.6) (0.026) 
M. alba 0.025 a 126.4 a 0.100 a 
(0.010) (46.2) (0.037) 
C. varia 0.026 a 147.8 a 0.117 a 
(0.013) (77.1) (0.049) 
b Performance of fifth instar C. philodice larvae on M. alba as 
a function of plant species consumed in earlier instars. All larvae 
were fed M. alba during the ultimate instar but had been reared 
through the penultimate instar on M. sativa, M. alba, or C. varia. 
Mean values are given, with standard deviations in parentheses. 
Means followed by different letters are significantly different at 
P<0.05 by LSD 
Rearing Diet n RGR RCR ECD AD 
M. sativa 15 0.082 a 1.22 a 0.101 a 0.701 a 
(0.099) (0.29) (0.120) (0.041) 
M. alba 16 0.306 b 1.77 b 0.279 b 0.599 b 
(0.138) (0.40) (0.085) (0.027) 
C. varia 17 0./15 c 1.17 a 0.148 c 0.646 c 
((0.082) (0.26) (0.085) (0.046) 
Pupal Instar Total Food 
Weight Duration Consumed 
(gm dry) (h) (gm dry) 
M. sativa 0.014 a 149.4 a 0.081 a 
(0.013) (60.5) (0.053) 
M. alba 0.034 b 123.5 a 0.162 b 
(0.008) (67.3) (0.030) 
C. varia 0.016 a 168.4 a 0.091 a 
(0.009) (69.3) (0.043) 
A D  _ weight  o f  f o o d  inges ted  - weight  o f  frass 
E C D  - 
we igh t  o f  f o o d  inges ted  
larval  weight  ga ined  
weight  o f  food  ingested - weight  o f  frass 
where  average  larval  weight  dur ing  the i n s t a r = ( i n i t i a l  
w e i g h t +  final  weight)/2.  All  ca lcula t ions  were  m a d e  on a 
dry  weight  basis. 
Results 
Acceptability o f  plant species to newly-emerged larvae 
Newly -emerged  larvae  readi ly  accepted  all 3 p lan t  species 
(Table  1); m o s t  la rvae  ini t ia ted feeding wi th in  5 rain. Ac-  
ceptabi l i ty  did no t  differ  a m o n g  species (j(z = 1.67, P >  0.4), 
r ang ing  only f r o m  93.2% for  M. sativa to 87.5% for  
M. alba. 
The effect o f  prior feeding on subsequent host choice 
Larvae  on  all three p lan t  species exhibi ted  a s t rong  induced  
feeding preference  for  the diet  on  which  they were  or iginal ly  
reared  (Table  2). La rvae  reared  on M. sativa prefer red  this 
species m o r e  than  2:1 over  e i ther  M. alba or  C. varia. Simi- 
larly, la rvae  reared  on M. alba prefer red  this species m o r e  
than  2 :1  over  ei ther  M. sativa or  C. varia. Larvae  reared  
on  C. varia prefer red  C. varia 1.5:1 over  M. sativa and  
near ly  3 : 1 over  M. alba. 
Larvae  reared  on M. sativa did no t  consume  significant-  
ly different  amoun t s  o f  M. alba and C. varia, nor  did la rvae  
reared  on M. alba consume  signif icantly di f ferent  a m o u n t s  
o f  M. sativa and  C. varia. However ,  la rvae  reared  on 
C. varia c o n s u m e d  signif icant ly m o r e  M. sativa than  
M. alba (Table  2). 
The effect o f  prior feeding experience 
on physiology o f  host use 
C o m p a r i s o n s  a m o n g  larvae  wi th  different  rear ing  diets, but  
the same test diet clearly indicate  tha t  p r io r  feeding experi-  
Table 4. a Fifth instar performance of M. sativa-reared larvae on 
M. sativa, M. alba, and C. varia. Means are given, with standard 
deviations in parentheses. Means followed by different letters are 
significantly different at P<0.05 by LSD 
Test Diet n RGR RCR ECD AD 
M. sativa 17 0.262 a 1.52 a 0.289 a 0.598 a 
(0.067) (0.29) (0.060) (0.053) 
M. alba 15 0.082 b 1.22 b 0.101 b 0.701 b 
(0.099) (0.29) (0.120) (0.041) 
C. varia 16 0.190 c 1.23 b 0.231 b 0.671 b 
(0.072) (0.19) (0.082) (0.034) 
Pupal Instar Total Food 
Weight Duration Consumed 
(gnn dry) (h) (gm dry) 
M. sativa 0.029 a 103.8 a 0.125 a 
(0.012) (37.7) (0.062) 
M. alba 0.014 b 149.4 b 0.081 a 
(0.013) (60.5) (0.053) 
C. varia 0.025 a 148.6 b 0.117 a 
(0.008) (23.6) (0.026) 
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c Fifth instar performance of C. varia-reared larvae on M. sativa, 
M. alba, and C. varia. Means are given, with standard deviations 
in parentheses. Means followed by different letters are significantly 
different at P<0.05 by LSD 
Test Diet n RGR RCR ECD AD 
M. sativa 15 0.161 ab 1.57 a 0.173 ab 0.631 a 
(0.113) (0.39) (0.124) (0.110) 
M. alba 17 0.115 a 1.17 b 0.148 a 0.646 a 
(0.082) (0.26) (0.085) (0.046) 
C. varia 16 0.216 b 1.31 ab 0.248 b 0.645 a 
(0.112) (0.28) (0.110) (0.050) 
Pupal Instar Total Food 
Weight Duration Consumed 
(gm dry) (h) (gin dry) 
M. sativa 0.017 a 122.3 a 0.090 a 
(0.011) (53.0) (0.060) 
M. alba 0.016 a 168.4 a 0.091 a 
(0.009) (69.3) (0.043) 
C. varia 0.026 a 147.8 a 0.117 a 
(0.013) (77.1) (0.049) 
b Fifth instar performance of M. alba-reared larvae on M. sativa, 
M. alba, and C. varia. Means are given, with standard deviations 
in parentheses. Means followed by different letters are significantly 
at P<0.05 by LSD 
Test Diet n RGR RCR ECD AD 
M. sativa 16 0.112 a 1.23 a 0.145 a 0.654 a 
(0.085) (0.25) (0.106) (0.074) 
M. alba 16 0.306 b 1.77 b 0.279 b 0.599 b 
(0.138) (0.41) (0.085) (0.027) 
C. varia 16 0.200 c 1.28 a 0.242 b 0.667 a 
(0.084) (0.34) (0.093) (0.058) 
Pupal [nstar Total Food 
Weight Duration Consumed 
(gin dry) (h) (gin dry) 
M. sativa 0.016 a 140.8 a 0.089 a 
(0.010) (41.1) (0.062) 
M. alba 0.034 b 123.5 a 0.162 b 
(0.008) (67.3) (0.030) 
C. varia 0.025 c 126.4 a 0.100 a 
(0.010) (46.2) (0.037) 
ence strongly influences the physiological  abil i ty of  C. philo- 
dice larvae to utilize a par t icular  host  species. In nearly 
all cases, forces host-switching resulted in reduced larval 
growth that  was a t t r ibutable  pr imari ly  to a reduced capaci-  
ty to convert  digested food into larval tissue (Table 3 a-c).  
Larvae  forced to switch onto M.  sativa during the ulti- 
mate instar, after feeding on either M .  alba or C. varia 
through the penul t imate instar,  performed significantly 
worse than larvae fed cont inuously on M.  sativa (Table 3 a). 
Relative to larvae reared on M.  sativa, larvae switched onto 
M.  sativa from M.  alba showed a 57% reduction in R G R ,  
a 50% reduction in ECD, a 19% reduction in RCR,  a 
29% reduct ion in total  consumption,  a 36% increase in 
instar  durat ion,  and a 9% increased in A D  (it is likely 
that  here, and throughout  this study, increases in A D  result 
directly from decreases in R C R  and do not  reflect increases 
in digestive efficiency per se), Larvae switched onto M.  sa- 
tiva from C. varia showed a 39% decrease in R G R ,  a 40% 
decrease in ECD, and a 41% decrease in pupal  weight. 
Similarly, larvae forced to switch onto M.  alba during 
the ul t imate instar, after feeding on either M .  sativa or 
C. varia, performed significantly worse than larvae fed con- 
t inuously on M. alba (Table 3 b). Pr ior  feeding on M.  sativa 
resulted in a 73% decrease in RGR,  a 64% decrease in 
ECD, a 31% decrease in RCR,  a 50% decrease in total  
consumption,  a 59% decrease in pupal  weight, and a 17% 
increase in AD.  Prior  feeding on C. varia resulted in a 62% 
decrease in R G R ,  a 47% decrease in ECD, a 34% decrease 
in RCR,  a 44% decrease in total  consumption,  a 53% de- 
crease in pupal  weight, and an 8% increase in AD.  
In contrast  to M.  sativa and M. alha, C. varia suppor ted  
adequate  growth of  larvae independent  of  their pr ior  feed- 
ing experience (Table 3 c). 
When  the same data  are arranged by common rearing 
diet instead of  common test diet (Table 4a -c )  it is evident 
that  the induction o f  preference is advantageous,  regardless 
of  rearing diet. F o r  larvae reared on M.  sativa, R G R  during 
the ult imate instar was 220% higher on M.  sativa than on 
M. alba and 38% higher than on C. varia (Table 4a). F o r  
larvae reared on M.  alba, R G R  during the ult imate instar  
was 173% higher on M.  alba than on M. sativa and 53% 
higher than on C. varia (Table 4b). F o r  larvae reared on 
C. varia, R G R  during the ul t imate instar  was 34% higher 
on C. varia than on M .  sativa and 88% higher than on 
M. alba (Table 4c). 
Discussion 
Natura l  populat ions  of  Colias philodice commonly  use sev- 
eral available host  species (Wat t  et al. 1979; Stanton 1982, 
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1983; Karowe 1988). This study provides evidence that such 
populations are likely to consist of several distinct types 
of phenotypically-specialized individuals, and suggests that, 
for C. philodice, polyphagy at the species or population level 
does not arise from polyphagy at the individual level. 
As a consequence of prior feeding experience, fifth instar 
C. philodice larvae become physiologically and behaviorally 
restricted to a particular host species. Although all three 
legume species used in this study ale equally acceptable 
to newly-emerged larvae, by the onset of the ultimate instar, 
C. philodice larvae show a strong induced preference for 
their particular rearing host. In general, larvae preferred 
their rearing host at least 2:1 over either alternative host. 
This behavioral specialization is highly advantageous. Re- 
gardless of rearing diet, switching to a novel host during 
the ultimate instar in all cases resulted in lower relative 
growth rate (RGR) and smaller pupal weight, both of  which 
are significantly positively correlated with fecundity in 
C. philodice (Karowe 1988). I f  forced to switch to a novel 
host during the ultimate instar, larvae on all three plant 
species incurred a high physiological cost, as evidenced by 
reduced relative growth rate (RGR), relative consumption 
rate (RCR), conversion efficiency (ECD), and pupal weight, 
and increased instar duration. Thus, induction of feeding 
preference behaviorally predisposes C. philodice larvae to 
feed upon the host species they are most capable of utilizing 
for growth. Such within-generation specialization may ex- 
plain in part why C. philodice females lay eggs singly rather 
than in clusters; laying eggs singly could decrease the likeli- 
hood that the original host will be defoliated and, therefore, 
that larvae will be forced to switch host species. 
The overriding importance of ECD in determining R G R  
indicates a strong physiological component to within-gener- 
ation dietary specialization and suggests two primary mech- 
anisms of physiological specialization. First, larvae may be- 
come physiologically and biochemically acclimated to the 
nutrient content (e.g. the amino acid composition) of a par- 
ticular host, such that maximal growth is no longer possible 
on a different host. Second, physiological specialization 
may result from costs, including the induction of new detox- 
ification systems, associated with processing the secondary 
compounds of hosts not previously encountered. Interspeci- 
fic diversity in secondary chemistry is particularly high 
within the Fabaceae (Harborne et al. 1971 ; Allen and Allen 
1981). 
Although M. sativa is a primary host of C. philodice 
and the most abundant host in southern Michigan, larvae 
fed only M. sativa did not grow significantly faster, attain 
higher pupal weight, or require less time to complete the 
fifth instar than larvae fed only M. alba or C. varia (com- 
pare Table 3a-c). In fact, both R G R  and pupal weight 
tended to be higher on M. alba than on M. sativa. Why, 
then, is M. aIba not the primary host for C. philodice? One 
possible answer was evident in this study. Despite higher 
RGR, larvae fed M. alba required nearly 20% longer to 
complete the ultimate instar than did larvae fed M. sativa. 
In nature, extension of the larval period may result in higher 
mortality due to increased parasitism and predation (Feeny 
et al. 1985). In addition, other studies indicate that larval 
mortality is significantly higher, and egg-to-pupa growth 
rate is significantly lower, on M. alba than on M. sativa 
(Karowe 1988). 
Results of the present study agree with previous work 
on lepidopteran herbivores indicating that some, but not 
all, host-switches result in reduced growth. For instance, 
R G R  of the Lauraceae specialist, PapiIio troilus L., was 
reduced by forced switching between sassafras and spice- 
bush (Scriber 1979), and ECD ofPieris rapae L. on cabbage 
was reduced by prior feeding on either nasturtium or a 
different variety of cabbage (Schoonhoven and Meerman 
1978). However, R G R  of Spodoptera eridania Cramer on 
black cherry was unaffected by prior feeding on either 
mountain ash or paper birch, and R G R  on paper birch 
was actually increased by prior feeding on mountain ash 
(Scriber 1982). Scriber (1981) measured an increased meta- 
bolic cost associated with processing a mixed diet in S. eri- 
dania, but only if plant species were presented in a specific 
order. In the present study, the magnitude of adverse effects 
of host-switching depended on the host species. In particu- 
lar, host-switching from M. sativa to M. alba or vice versa 
resulted in much stronger adverse effects than switching 
from C. varia to either of these hosts. Moreover, while prior 
feeding on C. varia resulted in decreased ability to use both 
M. sativa and M. alba, prior feeding on either M. sativa 
or M. alba did not result in decreased ability to use C. varia. 
Finally, it is important to note that while this study 
demonstrates that behavioral specialization is advantageous 
once physiological specialization has occurred, it does not 
address whether physiological specialization itself is advan- 
tageous. The greater growth of unswitched than switched 
larvae could have arisen because (1) prior feeding on a 
given host species results in increased physiological ability 
to use that species, (2) prior feeding on a given host species 
results in reduced physiological ability to use alternative 
species, or both. Physiological specialization will be advan- 
tageous only if larvae reared on a single host use that host 
more efficiently than do larvae reared on a mixed diet. 
This question will be addressed in future work. 
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